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(57) An aliphatic hydrocarbon group-containing res- 
in composition for cation to elect roc oat Ing, which com- 
prises a resin having a skeleton at epo*y resin and has 
a number average molecular waight of 500 to 20,000; 
and which contains, par 100 grams of ths nonvolatile 
matter in said resin composition, (a) 5 to 4O0 mlfllmoles 
of sulfonium group, (b) 80 to 355 mUlimoles of at least 
one aliphatic hydrocarbon group containing 6 to 24 car- 



bon atoms and optionally containing unsaturated double 
bond within its chain, and (c) 1 0 to 31 5 milfimoles of at 
laast one m amber selected from among prapargyl group 
and a terminal unsaturated double bond-containing or- 
ganic group contaiiing 3 to 7 carbon atoms; trie total 
content of said (a), said (b) and said (c) being not more 
than 500 mllHrnolee per 100 grams of the nonvolatile 
matter ri said rasln composition. 
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Description 

FIELD OP THE INVENTION 



is 



to 



[OOOt] The present invention relates lo a resin composition for calionic electrocuting and to a caijonic electrocoattno 
composrtion. each excelient ,r> throwing power and capable of providing coatings extern in Impa^r^iS^ 

PRIOR ART 

PJ002] Cationie eleclrocoating can provide substrates or coating larget articles with coalings every nook and cranny 
even when serf scales are complicated in form or shape and can be performed automated!, ^wmSSL 
Therefore, rt ,e in general use as a technique of forming an undercoat cn substrates, such as automotive bodies Wi^ch 
havea targe sKoandare complicated in form or shape and are required to be highly resisiani to corrosion FurthermorT 
^T, l V6fy h L Sh ' y emC,ent ' rom me ^9 composition consunX viewpoint, iS^SSSSi 
a^arad «h other methods of coating and. therefore, il has ccme into wide use as an Mm meEJSSrJ 
[0003] Catromc electrocoating » carried out by immersing a substrate. which is lo serve as a cathoda. in a catfonfc 

^h^!f I" 9 ^^TJ"* * PP¥nS 3 WOl,a9e - ^ C,eposi,i0rt a « ^strata IrV/olveTetec 

bochemlcal reaction and Ihe coating layer fhai has deposited on the substrate surface upon voltage application hi 
an insulating property. Therefore, with the progress of deposition of the coating in the process of coaling, hence with 

rj^mi T * IW ^ ICkn • 8S, W ° " leCtrtC rcsi8tance °' ma ^'"9 lnc ™*** Proportion to he hcraase 
in feyer thickness. As a result, the depoeilion of the coating composition at that site deceases and. instead the dee? 
osrtion of a coahng layer on soma other uncoated site begins, m this way. the deposition of emulsion particles of the 
coating compoeihon takes place successively from uneoeted site to uncoated eita In the present specification such 
successive formation of a coating on uncoated sites of a substrate is referred lo as Throwing power* 
flMOfl Such cattonic electrocuting is generally used in undercoat formation, mainly tor the purpose at wat p revemton 
and. therefore, .t is required that even substrates having a complicated structure should be provided wtth a coatina 
having a certain predetermined film thicknesa at any part thereof. For this reason, sufficient levels of throwing power 
are to ba secured. 

[000S] As a cationie electrocoating composition excellent in throwing power, WO 96/03701 for distance discloses a 
catione electrocoating composition comprising a basic resin contain hg a triple bond such as an ethynyl or nttrile croup 
wrthm its molecule. r 
[000q On the other hand, coating fllme to be lormed on substrates such as autornobfles should be protected from 
damages possioly resulting from collision with sand grains, email eiones or the Jllee during running. Thus, ft is essential 
to make attempts To improve the so-called impact resietance. For attaining improved impact resistance, it ts common 
practice to improve physical properties of the top coat and/or intermediate coat. However, it is not always possible to 
improve the .rnpact resistance to a satisfactory extent by such a method alone. Coathg Him is generally constituted of 
a plurality of coating layers, so that ft !e necessary to improve the impact resistance of ths film as a whole. In particular, 
if the impact resistance of xhe coating film as a whole can be Improved through Improvements in physical properties 
of an elsctrodepositlcn coating, there win arises the possibility that the impact resistance of the film might be markedly 
«0- improved by combined use of scvne conventional tmpad resistance improving technology, 

[C0C7j However, it is difficult to obtain a cationie electrocoating composition excellent in Throwing power and capable 
ol provioing improved impact resistance using the conventional technology. 

[0008] (n view of the state of the art as mentioned above, the present mention has Its object to provide a resin 
composition for cationie eJectroccatlng and a cattonic elsctrocoating composition, each excellent In throwing power 
** and capable of providing coalings excellent in Impact resistance. 

SUMMARY OF THE INVENTION 



30 



so 



10009] The present invention provides an aliphatic hydrocarbon group-containing resin composition for cationie elec- 
trocoating, which comprises a resin having a skeleton of apoxy resin and has a number average molecular weight of 
500 to 20.000, and which contains, per 1 00 grams of the nonvolatile matter In said resin composition, 

(a) 5 to 400 milllmoJes of sulfoniurn group; 

(b) BO to 355 millfmolas of at least one aliphatic hydrocarbon group containing a to 24 carbon atoms and optionally 
containing unsaturated double bond whhin its chain; and 

(c) 10 to 315 miliimoles of at least one member selected from among propargyt group and a terminal unsaturated 
double bond-containing organic group containing 3 to 7 carbon atoms; 
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the total content or (a) the suifcnhjm group, (b) tne aliphatic hydrocarbon group containing 8 to 24 carbon atoms 
and optionally containing unsaturated double bond wrthln its chain and (c) the at least one member selected from 
among propargyl group and a terminal unsaturated double bond-containing organic group containing 3 1o 7 carbon 
atoms being not more than 500 miflimotea per 1 00 grams of the ncnvofaiae metier in said resin composition. 

s [Oolo] The present invention also provides a cationic electrocoating composition when comprises the above resin 
composition for cationic electrocoating as incorporated therein, and in particular a cationic electrocoating composition 
which comprises the above resin composition for cationic electrocoating and further a resin composition having a 
skeleton of epoxy rash and containing sulfanium group and propargyl group, wherein said cationic electrocoating 
composition have a number average molecular weight of lis resin component of 500 to' 20,000 and contains, per 100 

fo grams of the resh solids, 

(a) 5 to 400 millimoles of the sultonium group; 

(b) 1 0 to 300 mUllmotes of the aliphatic hydrocarbon group containing 8 to 24 carbon atoms and optionally con telnhg 
unsaturated double bond within its chain; and 

10 to 485 millEmoles of the Sum of propargyl group and Iho termnal unsaturated double bond-containing organic 
group containing 3 to 7 carbon atoms; 

the total content of (a) the sulfonium group, (b>the aliphatic hydrocarbon group containing 8 to 24 carbon atoms 
and optionally containing unsaturated double bond within Ite chain, and the propargyl group and the terminal un- 
saturated double cond-cc«italnrng organic gro 

per 100 grams of the resin soJJds, with the proportion of said group (b) being 3 lo 30% by weight relative to the 
resin solids. . 

BRIEF DESCRIPTION OF THE DRAWING 

2S 

[0011] Fig. 1 is a schematic representation of an apparatus tor throwing power measurement by so-called four-sheet 
box method. In the figure, the reference numeral i Indicates sheets to he evaluated (the alphabetical letters fndkratog 
respective faces to be evaluated and the alphabetical letters in parentheses indicating the reverse sides), 2 - counter 
electrode, 3 - direct current, 4 - through-hole, 5 - electrudeposition bath, 6 - stirrer, and? - sleet rocoa ting composition. 

90 

DETAILED DESCRIPTION OF THE INVENTION 

[001 2] The resin composition for cattonlc eiearocoatlng according to the present Invention comprises a resin having 
a skeleton of epcoy resin. ThesketetorHorming epoxy resh is not particularly restricted but can Include, among others, 

« epi-tris type epoxy resins, modifications thereof derived by chafa extension with a dio|, dicarboxylic acid or diamine Or 
the like; epoxjdized polybutadiene; novolak phenol type polyepoxy resins; novolak creed type potyepoxy resins; pory 
(glycidyl acrylate); po!y<&Jycidyi ethers derived from agnatic poryols or poryether polyois; and poiy(giycidy| ester)s of 
poiybasic cajboxyllc acids. Among these, novoiak phenol type polyepoxy resins, novolak cresol type polyepoxy resins 
and poiy(grycidyi acrylate) are preferred because of eaae of polyfurvtiohallzatton Tor increasing curability The epoxy 

40 resins may partly comprise a moncepoxy re a in. 

[001 3J The resin composition tor cattonic electrocoating of the present Invention, which comprises a resin havhg a 
skeleton of said epoxy resin, has a number average molecular weight of 500 to 20.000. If the number average molecular 
weight Is lees than 500, the cationic electrocoating efficiency will become tow. When It Is above 20,000, good coatings 
cannot be formed on substrate surfaces. A more preferred number average molecular weight range can be found 

*s according to the reeln skeleton. In the case of novolak phenol type epoxy reetna and novolak cresol type epoxy resins, 
for instance, 700 to 5.000 is a pre/erred range. 

[0014] In the reBfn composriirjn of the present invention, said resfn having a skeleton of the epoxy resin contains; 

(a) sulfonium group (hereinafter sometimes referred to as group (a) for short): 
so (b) an aliphatic hydrocarbon group which contains B to 24 carbon atoms and may optionally contain unsaturated 

double bond within Its chain (hereinafter sometimes reterre^ lo as group (b) tor short) ; and * 
(c) at least one member selected from among propargyt group and a terminal uneaturaled double bond-containing 
organic group containing 3 to 7 carbon atoms (hereinafter sometimes referred to as group (c) lor short): 

55 as Introduced therein through epoxy groups of the skeleton-forming epoxy resin. In the present specification, the term 
'organic group 11 means a hydrocarbon group which may contain ester bond or ether bond. Said resin havhg a skeleton 
of epoxy res In may contain all species of the group (a), group (b) and group (c) In each molecule thereof, but this is 
not always necessary. Thus, for instance, one rnoJecule may contain only one or two species of the group (a), group 
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(Wand group (c). In the latter case, the resin molecules constituting the resin composition, as a whole, contain a i. 
spades of the group (a), group (b) and group (c). Thus, the rosin composition forcationfc electrocoathg-may^eSr^ 
be composed olaplurafity * resin molecule having a skeleton of epoxy resin and containing one. C orTre^S 

cat.onb electrocoatlng ot the invention contains the group (a), group (b) and group fc) ^posmon lor 

Sr^h^l?;!^ * ^ Sk9 ' eto "- to ' m -9 -W rash may have at least one epoxy resin permolecure. From 
ttecu.ab.nty vKwpomt, however, polyepoxy resins having at least two epoxy groups are preferred As auch thcs^ 
poryepoxy resra specifically mentioned above can judlcbusfy be used pre etreo. «s eucn. those 

S^lfL^ Sl,ir0n i lJm 9TOUP (3) * 9 hydratable funcfcnal S«up in the reein composition for cationic efecireooating. 
When applying* voltage or current at or above a certain level during the eledrocoaling process, the sulfoniumTroJo 
undergoes electrode reduction on en electrode, whereupon the tonic group disappears, so Uttt it o^ZeS 

r^T'fl 0 " 88 i,,UBtra,ed be ' 0V * " ^^^edthal owing tothis tJL resincomposton or Atonic 
electrocoatlng displays a high level ot ihrowing power. 



\ 



Electrocouting 
Process 



. S—R> 

nonconductor 



25 



JO 



40 



45 



® J? f COnBidsred ^ durln 9 lhis s**rocoaiing process, alactrodc reaction is Induced and the re- 

sufung hydroxide ion b kept by the sui/cnlvm group, thus electro fytically generating a base ii the elect rodeposrt ion 
coat JWa electror/ticaJJy generated bass can convert the propargyl group cccurrrig in trie eiactrotiepositlon coat, which 
hastowtoermafree^My.to^ ^ 
[0O18] The comem of the surfonium group (a) is 5 to 400 mlllimolas par 100 grams of the nonvolatna metier jn the 
resin composition for caUonic eieclrocoating according to the present invention, provided that the conditions concerning. 
1he total content of the group (a), group (b) and group (c) should be satisfied. If said content is lower than 5 milfimolae 
per 100 grams, sufficient throwing power or curat fifty can never be obtained and, furthermore, the hydratabiliiy and 
bath stability will be poor. When it is higher than 400 milUmoles par 100 grams, the deposfoon-of coatings on substrate 
surfaces becomes poor. A preferred content range can be specified according to the resin skeleton. In the case of 
novctek phenol type epoxy resins and ncvo/ak creeol type epoxy resins, for instance, a preferred range la 5 to 250 
mfllimoles, more preferably 10 to 1 50 millimoles, per 100 grams of the nonvolatile mailer In the rash composition. 
[0010] ^ealiphatfc hydrocarbon group (b) Which contains 8 to 24 carocfiatorne and may contain unsaturated ctouble 
bond within fls chan can form a soft segment in the resin and can improve the rnpaet resistance. 
[0020] The group (b) Is not particularly restricted but can Include straight, branchad. cyclic or' other hydrocarbon 
groups other than aromatic hydrocarbon groups, which may contain unsaturated double bond wfthfc its chain Preferred 
are elraight or branched hydrocarbon groups containing carbon-carbon double bond within its chain. Such groups can 
be derived from the corresponding aliphatic hydrocarbons containing such a group. Specific examples of compounds 
containing such an aliphatic hydrocarbon group will be mentioned later herein. 

[0021] The group (b) is introduced into the resin via the oxygen atom derived from epoxy group and tha number of 
carbon atoms is counted from the carbon atom bound 10 said oxygen atom. The content ot the group (b) is SO to 355 
millimoles per 1 00 grama of tha nonvolatile matter in the resin composition tor cationc elecrrocoatlng according to the 
present Invention, provided that the conditions concerning the total content of the group (a), group (b) and group (c) 
should be satisfied, if said content is lower than 80 milllmotes par 100 grams, the impact resistance will be. improved 
only to an unsatisfactory extent. If it is higher than 355 millimoles per 100 grams, the resfn composition will become 
difficult to handle. A preferred content range may be specified according to the reein skeleton. In the case of ncvolak 
phenol type epoxy resins and novolak cresol type epoxy resha, lor instance. a contenl of group (b) of 100 to 300 
mUlimolea per 1 00 grams of the nonvolatile matter tn the resin composition is preferred. 

[0022) The propargyl group as the group (c) can be converted to aliens bond, as mentioned above, whereby the 
reactivity can be Improved and a curing system can be built up. For unknown reasons, said group can further improve 
the throwing power of the resin composition, when coexisting with Ihe sulfonium group (a). The above-mentioned 
terminal unsaturated double bond -containing organic groups containing 3 to 7 carbon atoms as such can serve as 
curing functional groups. 

[0023] The comem of the group (c) is 10 to 315 millimoles per 100 grams ot the nonvolatile mailer In the resin 
composition for cailonic eiectrocoatrhg according to the present invention, provided that the conditions concerning the 
total content cf the group (a), group (b) and group (c) should be satisfied. If said content ie lower than 10 millimoles 
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~7f*ltlon cannot exhibit sufficient curability even when combhad with some other resin 

S^TSSX Pr8,arre i COntenl ran9 » mav b * W account, to me reein skeleton, in the case of 

5 t ^ **1JZ°" re3ra 3nd nOV °' ak CreSO) lyp6 far a content of group (c) o7£ to 

5 295miIlimoles per 100 grams of the nonvolatile matter in Die resin composition Is preferred " 

£024] The total content^ the group (a), group (b) and group (c) ie not more than 500 miillmoles per 100 grema of 
Bie ncflvolaffle matterin the ream composition, if it exceeds 500 milllmoles. no resin will be actually obtained or no 
S^rT^r ^ e TV * ^"sanaas. Apreferredtomlconten, range c^pe££ 

» for instance, a total content not more than 400 millimolee is preferred. 

[0025] A method of producing the resin composition for cationie electrocoating will now be described ' 
IP02BJ Said resm composition for cationie electroeoating can Judicious V be produced, tor example, by: 

step (1): reacting an epoxy rasln hawing at least two epoxy groups per molecule with (A) a compound having both 
s functional group reactive with epoxy group, andpropargy) group ora terminal unsaturated double bond-containing 
organic group containing 3 to 7 carbon atoms, and (B) a compound having both a functional group reactive with 
epoxy group and an alphatlc hydrocarbon group containing 8 to 24 carbon atoms and optionally containing un- 
saturated double bond within Its chain, lo give an epoxy resin composition containing both the picparoyt group or 
tt* termmal unsaturated double bond-contaHing organic group contain** 3 to /carbon atoms, and me aliphatic 
22n X aS' n 9rOUP contalnln9 8 10 24 carbon a,oms ana °P^V containing unsaturated double bond within Its 

step (2* introducing sultonium group through the epoxy groups which remains in the epoxy resin composition 
obtained in step (1) and containing both the propargyl group or the terminal unsaturated double bond-conlainino 
organic group containing 3 lo 7 carbon atoms, and the alphatio hydrocarbon group containing 6 to 24 carbon 
z* atoms and optionally containing unsaturated double bond within lis chain. 

t<«»7] Suited for use as the epoxy resin having at least two epoxy groups per molecule are. among others, those 
pofyepoxy resins mentioned above. Among th see. novolak phenol type poryepesey resins, novotak cresol type polyepewy 
resins and poly(glyoidyl acrylate) are preferred since they can easily be polyfunctionatfced for 'attaining increased cur- 
30 ability, 

[DQ20) Said epoxy resh having at least two epoxy 
weight of 400 to 1 5.000, more pr ef erabJy 650 to 1 2,000. 

£0029] Said compound having bom a functional group reactive wttn epoxy group, and propargyl group or a terminal 
unsaturated double bond-contaning organic group containing 3 to 7 carbon atoms (hereinafter, "compound (A)') may 

55 be « ior example, a compound having a functional group reactive with epoxy group, such as hydroxyl or ca/boxyi group 
together with propargyl group or a terminal unsaturated double bond-containing organic group containing 3 lo 7 carbon 
atom* As specific examples thereof, there may be mentioned compounds having propargyl group and hydroxyl group, 
such as propargyl alcohol etc.; compounds having propargyl group and carboxyl group, such as propargylic acid etc ■ 
compounds having vinyl group and hydroxy group, such as 2-hydroxyethy| acrylate. 2-hydroxy ethyl methacryiate' 

*> hydroxypropyl acrylate. hytfroxypropyi methacryiate. hydroxybutyl acrylate. hydroxybuty) methacrylaie. altyl alcohol! 
melhallyl alcohol, etc; and compounds having vinyl group and carboxyl group, such as acrylic acid, mflthacrylfc acid* 
ethacrylic acid. etc. 

[00301 Among meee. propargyl alcohol Is preferred as the compound having bom a functional group reactive with 
epoxy group, and propargyl group, in view of its ready availability. 
* s [0031] The compound having both a functional group reactive with epoxy group and an aliphatic hydrocarbon group 
conlaining 8 to 24 carbon atoms and optbnally containing unsaturated double bond wrthin its chain (hereinaftei; 'com- 
pound (B)") may be a compound having a functional group reactive with epoxy group, such as hydroxyl or carboxyl 
group, together wtth an aliphatic hydrocarbon group containing 8 to 24 carbon atoms and optionally containing unsatu- 
rated double bond within its chain. As specific examples of the compound having hydroxyl group and an aliphatic 
» hydrocarbon group, ihere may be mentioned long-chain aliphatic alcohols such aa octanol. norranoL decyl alcohol, 
undecanol, o^oecanol, tridecanoi. tetradecanol, pentadecanoi, hexadecanol. heptadecanol, cctadscanol, nonadece- 
nol. eicoaanoi, docosancH, 2-propyM-penlanol, 2,4>4^rimethyM-pentBnol, 2-Othyl-l-hexanol, 3,3,5-trlmethyH-hexa- 
nof, 3.7-dImethyH-octanoL 2-oclanol, 3-octanol, 2-nonanol, 2-decanoi, 4-decanol. 2-undecanol. 2-dodecanol, 2-tet- 
radecanof. 2-nexadficanol. 6-melhyl-2-heptanol, 4-melhyt-3-heptanol, 2,6-diroethyf-4-heptanol. 3*ethyl-2 ( 2-dimethyi- 
3-pentanol, 3 f 7-dimethyl-3-octanol. etc.; and unsaturated double bonovcontainlng long-chain aliphatic alcohols such 
as l-octen-3-ol, (3-citronellcl, 3-nonen-t-ol, 5-dacen-i -of, 9-decen-1-d r oMJndacylenylalconoi. 7-dodecen-1^ol p 7-tet- 
radecen^ol, 9-tetradecen-lol, n-tetradecsn-i-ol. n-hexadecen-l-oi, ofeyt alcohol, a4-dlmsthyl-2 > 6*heptedien- 
1-ol. phytol. nerol, garanlol. 8,l0^dodecadien^ -ol. farnesoJ. 6-methyl-5-hepien-2-o!, etc. 



55 
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[0032] As the compound having earboxyl group and an aliphatic hydrocarbon qrouD. there maw t» m««ti«n»H i* 

Meeamac aod rnynst.c acd. penladecanoic acid, palmitic arid, heptadecanoic acid, stearic a^orSca^oic 2 
5 hene^anoie aB id.docoaerxxeacid, trtccsanoicacid. tetracosanoic acid ^^JSSSSS 

5 unsaturated tatty actfs such as 2-ethylhaxenoic acid. 2^lanoic add. citronelllc acid urde^feT^ ™ ns S 
aod. pdmMak: add. oteic add. linelic add. ricinofic acid. afefdic ^-.^^Jt^^^J^Z^ 
Imolenie acid 11 J4.efcoeatrlenoic acid, arachidonie acid, S.aii.HlT.etaaapemaenoic acta So "£5 
coaahaxaanc* ackt 2.propyipentanolc acid. 2-ethylhexanoie acid. linseed oil. soybean o£ ate. 4,7 ' 10 ' 13 - l6 ' 1SMto - 

*s p^r^^S'Sv^T 9r ° UP ^ ntain ^ — are «« — «— *>* «** « more 

f^ff 3 , In^atw^nsntionedslepO), the ^xyreain having at leaattv^apoxy g/oupa per molaeute Is subiectad 
to meet with the Jbove^entfanod compound (A) and compound (B) lo give the dLed a p£y rCcoml J£T^ 
that occasion he compound (A) and compound (B) may be mixed together m advance andaubm^ reac«on^ 
75 £?f£T f mpound < a > ™* bB submitted to «**ten sepaiBisly. The functional gro^tSSSad 

[0036] I In step (1 X the proportions of the compound [A) and compound (B) to be submitted to reaction may be de- 
termined ao as to g,ve desired functional group contents, for instance to give the above^antioned contorts of the 
so " * e J ermlna ' ""saturated a*** oonttcontaining organic group containing 3to7 carbon atoms 

ttSXSSS ^ 0r ° UP <WMWnB 8 '° 24 — " — - «nJ£ 
[0036J As for the reaction coitions in step (t ). ihe reaction la generally carried out at room temperature or a tern- ■ 
peralure of BO to 140-C for several hours. If necessary, one or mora known components, such 
solvent, may be used to allow the reaction to proceed. The end point of the reaction can be eonfi^ed^d^fZ^q 
tta epoxy equivalent, and the functional groups Introduced can be identified by nonvolatile matter determination or 
Instrumental analysis of the resin composition obtained. Generally, the thus-obtained reaction product is a mbrtura of 
epoxy resin species containing one or some of the propargyl group andbr the terminal unsaturated double bond- 
containing organic group containing 3to7 carbon atoms and the alfchatic hydrocarbon group coniaininq 8 lo24 carbon 
alomsandomionaJly containing unsaturated double bond within Its chain, m this meanrig, step (1) givas a resin com- 
position ^containing the propargyl group and/or Ihe terminal unsaturated double bondeonlaining organic group con- 
tain^ 3 to 7 catbon atoms, and tha aliphatic hydrocarbon group containing 8 to 24 carbon stoma and couonallv 
containing unsaturated double bond within Its chain. opuonaiiy 
(0037J in atop (2). sulfonium groups are Introduced into the resin through the apoxy groupe remaining in the epoxy 
'^T'^T °T in SleP 0) - 7,18 «*»*>" introduction can be carried out for example, by subjecting a 
sulfida/aad mature to read with epoxy group in said reein for sulfide introduction and euftonium convarsiorTor bv 
introducing a sulfide and then converting this sulfide to a sulfonium by reaction with an acid or an alkyt halida such as 
methyl fluoride methyl ehloriie or methyl bromide, if necessary followed by anion exchange. From the viewpoint of 
ready availability of reactants. the method using a suffide/acJd mixture la preferred. 

[0038] Said sulfide la not particularly restricted but can Include, among othera. aliphatic sulfides. allphatic-aromatic 
mixed sulfides, aralkyf sulfides and cyclic sulfides. More specrffcalryt there may be mentioned, far example, diethyl 
sulfide, dipropyl sulfide, dibutyl sulfide, dihexyi sulfide, diphenyl sulfide, ethyl phenyl sulfide, teiramethylane sulfide 
pentamethylene culfide, thiodiethanol. thiodipropanol. thiodibutanol, H2-hydroxyalhytthio)-2.propanol, 1-(2-hvdrax- 
yethytthio)-2-butanol. 1-(2-hydroxyathylthio)*butoxy-l -propnol and tha lltte. 

[0C39J Tha add mentioned above is not particularly restricted but can Include, for example, formic acid acetic add 
lactic acid, propionic acid, boric acid, Butyric acid, dimethytolprcpionlc acid, hydrocmort add. sulfuric acid' phosphoric 
acid. N-acetirlgiycfrie, N-acetyl-p-alanine and tha like. 

[00403 Generally preferred bs the proportions of the sulfide and acid in said sulfide/add mixture are approximately 
sutfide/acid =■ 1 CXV60 to 1 00/1 00 on th a mole basis. 

[0041] The reaction in step (2) can be carried out for example, by mixing ths epoxy resii composition obtained In 
step (1 ) and the suifida/acid mixture, for Instance, in an amount sufficient to give the suBonium group content apedfied 
above, with 5 to 10 moles, per moJs of the sulfide, of water and then stirring generally at 50 to 90"C tor several hours 
The end point ol the reaction can advisably be judged by a reeldual acid value of not mora than S. The sulfonium 
Introduction in tha resin composition obtained can be confirmed by potentiometrlc titration. 

[0042] In cases where sulfide imrodudten is followed by conversion reaction of the sulfide to sulfonium group the • 
raadon can be can-led out essentially under the same conditions as mentioned above. 

[0043] in the production method of the present invention, the decomposition of tha sulfonium group upon haathg 
can be avoided oy carrying out the sulfonium introduction after the propargyl introduction, as mentioned above. 
[0044] Thus, the production method ol the present invention can give a reain composition for catfonfc electrocoating 
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which has a skaleton of epoxy resin and contains (a) sutfonium group, (b) an aliphatic hydrocarbon group containing 
B to 24 carbon aioms and optionally containing unsaturated double bond within its chain, and (c) ar least one member 
selected from among prcpargyl group and a terminal unsaturated double bono^containing organic group containing 3 
to 7 carbon atoms, while preventing the sutfonium group from being degraded. 
S [0045] The cation oloctrocoaiing composition of the present invention comprises the above-mentioned resin com- 
posrlton for canonic electrocoat.ng as incorporated therein. Said resin composition for cation ic electrocoating may ba 
used as the basic resin or in combination with some oth er basic reah. Incases where sab resin composition for eationic 
electfccoating is used as the basic rash, the content of the curhg functional groups is preferably 10 to 495 milllmofes 
per too grama of the nonvolatile matter in the resin cornposftfoa In cases where the aliphatic hydrocarbon group 
" containing 8 to 24 carbon atoms and optionally containing unsaturated double bond wilhin its chain has unsaturated 
double bond, rt suffices thai the total contant of said unsaturated double bond and the propargyl group anoVbr the 
terminal unsaturated double bond-containing organic group containing 3 to 7 carbon atoms be within the range men- 
tioned above. Evan when a plurality of unsaturated double bonds are contained in one aliphatic hydrocarbon group It 
is presumable that only one of iham alone be actually involved in the curing reaction; therefore, In cafcutatlng the 
is content thereof, such plurality of unsaturated double bonds are regarded as one unsaturated double bond. 

[0O4C3 The propargyl group content is preferably not less than 20 mitfimolsa. more preferably not less than 40 miiP- 
motes. per 100 grams of the nonvolatile matter In the resin composition, in cases where tho resin composition for 
eationic electrocoatingis used as tho basic resin. If the propargyl group content i 5 lower than 20 milffmoles. Ihe throwing 
power anovbr curability may possibly become insufffctem or the bath stability may become poor. However, even when * 
the propargyl group content te lower than 20 miliimotes per iQO grams of the nonvolatile matter, the resin composition 
torcal ionic etectrocoating of the invention can suitably be used in combination with some other basic resin, for producing 
cation ic electrocoao'ng compositions, as mentioned in the following. 

[0047] In cases where the resin composition for eationic ©lectrocoating according to the present invention is used in 
combination with some other basic reein. it b preferable to use. as said other basic rosin, a resin compos i lion having 
a skeleton of epoxy reein and containing sulfonium group and propargyl group. As such resin composition, there may 
be mentioned, among others, resin compositions having a skeleton of epoxy resin and a number average molecular 
Weight of 500 to 20.000 and containing 5 to 4O0 millimoles of sulfonium group and 10 to 495 miliimotes of propargyl 
group per 100 grams of the nonvolatile matter h the resin composition, with a total content of the sullonium and prop- 
argyl groups of not more than 500 millirnofes per 100 grams of the nonvolatile matter In the reein composition. 
*J £0043] I n that case. Ihe proportions of the rosin composition for eationic eJecirocoaiing of the invention to said other 
basic resin are preferably determined to satisfy the following: 

said eationic electrocoallng compositfon prepared by incorporating them has a number average molecular weight of 
its reein component of 500 to 20.000 and contains, per 1 00 grams of the resin solids, 

ss ( Q ) s to 400 miPimoles of the sulfonium group; 

(b) 1 o to 300 millimoles of the aliphatic hydrocarbon group containing 8 to 24 carbon atoms and optional!/ containing 
unsaturated double bond within its chain; and i 

10 to 405 millimoles or the sum of propargyl group and the terminal unsaturated double bond-containing organic 

40 group containing 3 to 7 carbon atoms: and 

the total content of (a) the sulfonium group, (b) the aiiphatb hydrocarbon group containing 9 to 24- carbon atoms 
and optionally containing unsaturated double bond within fts chain, and tha propargyl group and the terminal un- 
saturated double bond-containing organic group containing 3 to 7 carbon atoms ic nol more than 500 millimoles 
per 1 00 grams oi the resin solids, with the proportion of me group <b) being 3 to 30% by weight relative to the resin 

45 solids. 

[0049] tt is not always necessary to use a curing agent in the eationic eleclrocoalfrig composition of the present 
invention since the resin composition for calionic electrocoating Itself has curability However, for attaining a further 
Improvement in curability, a curing agent may oe used. As such curing agent there may be mentioned, for instance. 
so compounds having a plurality of at least one species of propargyl group and unsaturated double bond, such as com- 
pounds obtained by addition reaction of a propargyt-comalning compound, such as propargyl alcohol, or an unsaturated 
double bond-containing compound such as acrylic acid, to a novofak phenol por/spoxide, psntaeryihrHol tetraglycidyi 
ether or the like. 

[0050] In the eationic efectrocoatrng composition of the present Invention, a cunng catalyst may be used if desired. 
ss sab curing cataryst is not particularly restricted out can include, for example, transition metals, such as nickel, cobart. 
copper, manganese, palladium and rhodium, with a llgand such as eyefopemadjsne or acetylacetona or a carooayiic 
acid such as acetic acid bound thereto. Among these, copper acetylacetona complex and copper acetate are preferred. 
The use of compounds of a transition metal such as copper, silver or barium, which can form acetyWeS. for example 
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acetylacetone-copper. ia preferred trom the curability viewpoint, since ihey can term acetylldea with the n mna ,™i 
Sjrce^Sn^ 

dunng the etectrocoat™, process. Said amine is not particular* restricted Li «n S3S?£ erS to 
tertury moncfunctlonal to polyfunctlonal aliphatic amines, a.icyclfc amines, aromatic amkw anTE e^T l£ 
pounds. Among then,, water^olubte or wateMfcperstoie chasm preferred toT^^TS^m^^Z^Z 
B carbon atoms, such as mortcmethylamine, dimethytemine, trirrwthytarauu T tn^vbmHB w- ° ° 

- Pennine, famine, etc, monoathanofamine. dlJLdlEnS^^ 

examine, morpncine. N-me^mootfroiine. pyridine, pyn*ine. pipenle. Mtaa*,'* SSIK^SE'bS 
be used singly or two or mora of them may be used in combination. Hydroxyaminee such aT^^ha^t,^ 
djettano^ne ^ dimethytethanotomine are preferred among a* Bfs ^7^^ a %^^^st 

« [0052] Said amine can be incorporated directly in the cafcnb electroooatira composition of the oresenl inwantl™, 
in me ca.e of cenven.fonaJ neutralist™ type amine^ontaining clonic .laS^^^^^JK^ 
a free am.no depnves the neutralizing acid in the resin, whereby the stability of the eleL,ly£ bath Is \m£Z%£ 
m«„ ^ TV* "° ■ MOh ^ fitabiHy di8lurtMwlca l« oncountered according to the invention. 
[0053] me level of said amine added is preferably 0.3 to 25 miiiiequhralsnte per 100 grams of the rash solids in the 
«" ,onfc *«trocoating composition. When It Is below 0.3 mlllfequivalanta per 1M grarne^y ?«^t 
be produced on the throwing power. The addition a, a tevaf above 25 millieauivatertepaMOO gr^^SSSS? 

Sv^rrgrar^ 10 ^^^ «»«*-S5hS 
„ Thecatloofc electrocoaling composition of the present invention may con tan. when necessary, one or more 

2 ^if^l^f " °* mBIV eaHonte electrocoati n9 compositions. Said other ingredients are not^u^re- 
S Ser 'otS^JS^T' P flment8, d,3PflrSin0 reSinS ' eUrteCtante< "«ravloTet Se« 

hl Sa / d P i9men 'f af ■ Parttulariy restricted but include, for example, color pjpnents such as titanium dioxide 
Carbon brack, 'ron oxide red, ate.; rust preventing pigments such as basic lead silicate, aluminum phosphomotybdate 
te ° * ^ e1C " andothw P'g^nte I" general ueein eationic eJeetrecoating compositions 
[0056] The level of said pigments added is preferably 0 to 50% by wei^t reiatlva to the nonvolatile matter In the 
cation le eiectrocoatlng composiiicn. 

[0057] Said pigment dispersing resins are not particularly restricted, but those pigment dispersing reahs which are 
in general use can be used. Pigment dispersing reshs containing sultonium group and unsaturated bond therein may 
■ also be used. Such pigment dispersing resins containing sullonium group and unsaturated bond can be obtained, for 
example, by reacting a sulfide compound with a hydrophobic epoxy resin obtained by reacting a bisphenol type epoxv 
resin with a half blocked leocyanate. or by reacting a sulfide compound with said ream in the presence of a monobasic 
acia and a hydraxyi-containlng dibasic acid. 

10058] The caiionie eiectrocoatlng composition of the present invention can be prepared by blending said resin com- 
position for cat tonic elaetrocoating with the above-mentioned ingredients as necessary, followed by dissolution or dis- 
persion in water. In using eationic eleclroeoating, said composition ie preferably prepared so that the nonvolatile matter 
may amount Io10to30% of thebath liquid. Further, it is preferably prepared so that the content of the praparoyl group 
the terminal unsaturated double bond-containing organic group containing a to 7 carbon atoms, the allpltatx: hydro- 
carbon group containing S to 24 carbon atoms and optionally containing unsaturated double bond within its chain and 
the sultonium group may not deviate trom the respective ranges mentioned above. 

[0058] In carrying out elaetrocoating using the eationic eiectrocoatlng composition of the present invention, the sub- 
strate is not particularly restricted provided that it is eleclroconductive. As the eubstrate, there may be mentioned, for 
example, iron sheets, steel sheets and aluminum sheets, with or without surface treatment, and shaped articles derived 
therefrom. 

(00603 The slsctrocoatlng is generally carried out by applying a voltage of 50 to 450 V between the substrate as a 
cathode and an anode. When the voltage applied ia lees than 50 V, the electroaeposition will proceed Insufficiently. 
When it is above 450 V. the electric power consumption will become uneconomical excessive. By using the compo- 
sition of the present hvenlion and applying an votlage in the range mentioned above, a uniform coating can be formed 
all over Ihe substrate surface without any abrupt increase in film thickness during the electrodeposition process 
[0061] It is generally pref erred that the temperature of the bath compnsing the eationic elaetrocoating composition 
when the above voltage is applied be preferably 10 to 4S°C. 

[0062] The electrodepoefllon process preferably comprises; (j) a step of immersing the substrate In the eationic elec- 
trocoaling composition, (ii) a step ol applying a voltage between the substrate as a cathode and an anode to thereby 
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cau«© a coaling to deposit and (ill) a step of further applying a voltage to said coating to thereby increasing the electric 
resistance per unit vofuma of the coating. The pertadof voltage application may vary depending on the sleet reposition 
conditions but, generally, it may be 2 to 4 minutes. 

[0063] After completion of the elactrodeposition process, the eledroeoalings obtained in the above manner, erlher 
5 ae such or after washing with watar, are baked for curing at 1 20 10 260*0, preferably 1 60 to 220 a C, for 10 to 30 minutes 
to complete the coaling process. 

[0064] When the cation ic elecirocoaUhg composition of the presenl invention la used, the electrocoatrigs after curing 
preferably have a tntekness of 10 to 25 pm. If ie is less than 10 pm, the rust inhibiting effect will be insufficient If It 
exceeds 25 \im t the coating composition will be wasted. With the cationic elect rocoating composition of the present 
10 invention, the coatings formed on substrate surfaces by electro-deposition are converted to nonconduclote by the elec- 
trolytic reduction reaction mentioned above, reeuhrig in a great improvement in throwing power. Therefore, even when 
the film thickness is within the above range, uniform coatings can be formed aiJ over the substrates and thus a satle- 
factory corrosion resistance effect can be produced. 

[0065] The thus-coated substrates are further provided with a necessary Intermediate coat andtor a top coal accord- 
's ing to the Intended use. In the case of automotive coatings, for instance, a solvent- or water-base or powder intermediate 
coating composition is generally applied and baked to provide chipping resistance and, furthermore, the two-coal one- 
bake coating method la applied which comprises the so-caDed wet-on-wet coating technique of applying a base coating 
composition and, without curing this, applying a clear coating composition, followed by baking I be resulting coatings 
simultaneously. On that occasion. It is preferred, from the environment protection viewpoint, that a waier-base coating 
2o composition be used as said bese coating composition and a powder coating composition be used as said clear coating 
compasftioa. In addition to this, it is of course possible to apply a solid type coating composition using the One-coat 
coating technique. 

BEST MODES FOR CARRYING OUT TH£ INVENTION 

2S 

[0066] The following examples illustrate the present invention in further detail They are, however, by no means 
limiative of the scope of the present invention. 

Production Example 1 

00 

Production of a sulfonfum-. proparoyl- and copper acgtvlide^ontatnlno resin comp osition tor cailonic etactrocoatrno 

[00673 A separable flask equipped with a stirrer, thermometer, nflrogen inlet tube and reflux condenser was cfiarged 
With 100.0 g of a cresol novolaktype epoxy resin with an epoxy equivalent of 300.4 (Epototo YDCN-701 (trademark), 
36 product of loto Kasei). 23.6 g of propargyl alcohol and 0.3 g of dimsthytoerizylaxmhe, the temperature .was raised to 
105»C, and the reaction was carried out for 3 hours to g'rve a propargyl-containhg resin composition with an epoxy 
equivalent of X590. Thereto was added 2.5 g of copper aeetytecetonate. and the reaction was carried out at 90*C for 
1 .5 hours. It was confirmed by proton 0 H) NMR that the terminal hydrogen of the propargyl group added had disap- 
peared in part (corresponding to 14 rnjjiimoles per 100 grams of the nonvolatile matter in the resin composition). To 
*o this was added 10.6 g of H2-hydro«yethylthio)-2,3-prapanediol, 4.7 g of glacial acetic acid and 7.0 g of deionized 
Water, and the reaction was carried out lor 6 hours while maintaining the temperature at 75* G and, after confirming 
that the residual acid value was less then 5, 43.8 g of deionized water was added to give the desired resin composition 
solution. This was a varnish having a solids content of 70.0% by weight and a eulfonium value of 23.0 mlllimolea per 
100 grams. The number average molecular weight (polystyrene equivalent as determined by GPc) was 2.433. 



Production Example 2 

Production of a sulfonium-, propargyl- and jong-chain unsaturated fatty acid rcsidue-containing resin composition for 
cation fc elect rocoatmg 



[oosa} A separable flask equipped with a stirrer, thermometer, nilrogen Inlet tube and reflux condenser wee charged 
with 100.0 g of a cresol novolaktype epoxy resin with an epoxy equivalent of 20O.4 (Spototo YDCN-701 (trademark), 
product of Toto Kasei), 13.5 g ol propargyl alcohol and 0.2 g of dimeihylberuylamine, the temperature was raised to 
10S°C. and the reaction was earned out for 1 hour to give a propargyl-containing resin composition with an epoxy 
ss equivalent of 445. Thereto was added 50.6 g of (inolic acid and an additional 0.1 g of dimsthylbanzy (amine, and the 
reaction was continued at the same temperature for 3 hours, to give a propargyl- and long-chain unsaturated fatty acid 
residue-containing resin composition with an epoxy equivalent of 2,100, Thereto was added 10.8 g of 1-(2-hydrox- 
yethylthio)-2,3-propanec5ol. 4.7 g of glacial acetic acid and 7.0 g of defcxifced water, and the reaction was carried out 
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for 6 hours while maintaining the temperature at 75°C and <- m fi~»;tw, . . 

S. 62.9 g of delonized wate?**, addVd to 3££ 2111^^^ ^ lMS ,han 
eolids content of 69.3% py weight and a S^^^XC^iT IT ^ 3 
molecular weight (pofystyrene equivalent as determined by OpSwJJ? P ^ ftUmb9r aVera 9 S 

Production example 3 

P roduction of a autfonium-. proparof- and yta******^ feain cat^ggfilffl for catlsglg ^ 

70Q% i™ jil™ ««fer was added to give ihe deeired main solution. This wan a vamtah having a solids content of 
70.9% by wefgm and a sulfon.um value of 27.6 millimotee per 100 grams. The number average mTleeu^w^iJ* 
(polystyrene equivalent ae determined by GPC> was 2.439. new average molecular weight 

Production Example 4 

ZSfiSZS^ '""^ ^S^gg reaio u ^^.>,^ ; „ cornp^n for 

UJo OaTa^JTo^r^ **" 9 8,frrBr ' ,he ™>"»^ and reflux condenser was charged 

wrth 100.0 g of a c reset novolak type epoxy resin with an epoxy equivalent of 200.4 (Eptfoto YDCN-701 flratte™^ 

f^'^ 61 9 * P*P*W *"n°< and a, ^d^myibenzy^e^etrie^ure JSSSi 

105-C and Ihe react™ was earned out for 1 hour to give a propargyl^ontaining reein composition vXaTecox? 

Sam ° fEmp9ra,UrB 4 hou ' s - » 0h« - Propargyi- and taigi saturated if acW 
aT"^ 9 ^, k" "?« W"-"*-^- Thereto «« 8 added 10.6 gof Ha^ydroxyetr^lth^Sp^ 
panedU. 4.7 g of giaaal aceec acid and 7.0 g of deientted water, and the reaction was carded out for 6 hou« while 
maintaimng Ihe temperature at 75-C and. after confirming mat the residual aoSd vafue waa In. than 6 7*1 g 5 
2SS%?£ZZ? *T "I 3 "*** deSired COm P 08rlio " soW "^- ™» ™* ° vamiah having a aoi^e content 

S Tr' Um * 19,9 ml, * m ° , * e per 100 9«™- The number average moleeufer weigM 
(polystyrene equivalent as determined by SPC) wae 3,889. t * 



Example i 



4S 



!™lt a l ,,56 !S I* 06 ' 0 1 00 " 0 9 °' ,ha 6Ul,onilJm -- P^rgyl- and copper acetyHde^ontaining 
resin composition for eatlernc electrocuting as obtained in Production Example 1 and 43.2 g of the suHonium- orop- 
arg^ndlong^hain unsaturatedfatty acid residue-containing resin composition fo, catlonlc electrocoatlng as obtained 
In Production Example 2. the mixture wae stirred in a high-speed rotary mixer for 1 hour and. then. 3733 g of denized 
water was further added to grve an aqueous solution having a solids concentration of 1 5% by weight. This was used 
as a cation ic efectrocoatlng composition. 

Example 2 

eo pjo72] NtekelacetyteceicrBte(i.0g)ar*iS7.7go 

aiW- an* viny <omalning resin composition lor catlonlc electrocoating as obtained In Production Example 3 and 21 4 
0 of the sutfonium^propargyl- and long^hah aalurateo fatty acid residu containing resin composition for caticnic 
electroraahngas obtaned in Production Example 4. the mixture was stirred in a highspeed rotary mixer for 1 hour 

« Tat k ° n ' , I/ I ^ de,on,2ed water farther added to give an aqueous solution having a solids concentration of 

ss 15% by weight v^hlch was used aa a cationlc electrocoating composition 
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Comparative Example 1 



[0073] DefomZed water (157.1 g) was added to 142.9 g of the aulfoniurn-, propargyl- and copper acetylide-ccntainino 
resin composition for cationic electrccoating a* obtained in Production Example i, the mixture was slirrad In a hiqh 
speed rotary mixer for 1 hour and, then, 37a3 g of dsionized water was further addad to give an aqueous column 
hawng a solids concentration of 15% by weight, which was used as a cation* electrocoating composition. 



Comparaih/e Example 2 



[0074] Nickel acetylacetonale (1.0 g) and 158.0 g of de ionized water ware added to 141.0 g of the auffoniunv prop- 
argyl- and vinyUontainihg resin composition for cationic eJectrocoatng as obtained in Production Example a, the mix- 
ture was stirred in a high-speed rotary mixer for 1 hour and, then, 373.3 g of dsionized water was further added to give 
an aqueous solution having a Solids concentration of 15% by weight, which was used as a cationic electrocoating 
corn position. 

Evaluation 

[0075] Using a^ncphosphate*tfeated cold-rolled steel sheet (JJS G 3141 SPCC^SD. treatad with Surfdine 30-6000 
(trademark, product of Nippon Paint)) as the cathode and a stainless steel containeras the anode, electrocoating was 

zo carried out with one of the cationic electrocoating compositions obtained in the examptas and comparative examples 
The substrate was taken out of the electrolyte bath, washed with water and baked at 160"C for 20 minutes to give an 
efeclrodeposttjon To the thus-obtained coat was applied with a scrvent-baae niermedrate coaling composition 
(of the melamihe curing alkyd resin type) to a dry film thickness of 40 pm using an air spray, the whole was placed In 
a baking/drying oven maintained at 140°C and baking was conducted for 30 minutes. Then, a soKrent-basa metallic 

ss coating composition (of the melamihe eurhg acrylic type) was applied to a dry film thickness of 1 5 urn using an air 
spray. Thereafter. a solvent-base clear coating composition (of the melamrns curing acryBc type) was applied to a dry 
film thickness of 40 um by electrostatic spray coaling. The coaled substrate was pieced in a baking/drying oven main- 
tained ai 1 40° c and baking was conducted tor 30 minutes io give a test specimen. 

so (1) Chipping res tstance test 

(0076] Each teat specimen thus obtained was set on a gravetometer tester so that crushed stones might strike against 
the test specimen ai an angle of 46* and the chipping resistance test was carried out under the following conditions; 



06 


Crushed stones 


I Na 7; 




Amount of crushed stones 


50 grams; 




Ejection pressure 


I 4 kg/cm*; 




Test specimen temperature 


! 23*0, -arc. 



[0077] After completion ol the test an adhesive cellophane Tape was applied to the destructed coating and then 
peeled off. The state of the coating on the test specimen after peeling was evaluated by the eye according to the 
following criteria The results thus obtained are shown in Table 1 . 

4 5 O: No peeling around the dastructed she of coating; 
x: Slight peeling around the destructed site of coating; 
XX : Marked peeling around the destructed site of coating. 



so 



(2) Throwing power 

£0078] Using the four sheet box method illustrated in Fig 1, the Rim thickness ratio between face G and face A 
namely the G/A value (%), was determined. The results obtained are shown In Table t. From the results shown in 
Table 1 , it was revealed that the throwing power was always above 35% when the cationic electrocoating compositions 
obtained In the examples were used. Indicating a marked Improvement as compared with the conventional tannic scid- 
neutraJtzed electrocoating compositions. 
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Tfebla 1 





Stat© of peeling following chipping 


Throwing power 


25°C 


-20°C 


G/A(%) 


Example i 


O 


O 


93.3 ( 


Example 2 


O 


O 


ea. a 


ComparaifVe Example 1 


X 


XX 


94.1 


Comparative Example 2 


X 


XX 


99.3 



EFFECTS OF THE INVENTION 



iff [P070] The mn composite for cailonic etectrocoatlng according to the present invention, wh ten has the constitution 
mentioned above, can realize a high level of Throwing power and form coatings extent in impact resistance The 
cation© electrccoatmg composition of the present invention can exhibit a high level of throwing power and even when 
an amine is used, it can show high bath atabiJiiy, and can produce cured coatings having excellent physical proposes 
By applying the two-coat ona-bake technique, ft is possible to realize coatings excellent in antKonosion effect and 

20 'mpact resistance using said composition. 



Claims 

&6 1 , An aliphatic hydrocarbon group-confainlns resin composition for cationic electrocoating, which comprises a reeln 
having a skeleton of epoxy resin and has a number average molecular weight of 500 to 2O.OO0, and which contains 
per 100 grams of the nonvolatile matter in said resin compos hi on, 

(a> 5 to 400 milflmoies of suffcnium group; 
so (0) 80 to 355 milllmoiea of at least one aliphatic hydrocarbon group contafnJng 8 to 24 carbon atoms and 

optionally containing unsaturated double bond within Its chain; and 

(c) 10 to 315 miJJlmoles of at least one member selected from among propargyl group and a terminal unsatu- 
rated double bond-containing organic group containing 3 to 7 carbon atoms; 

as to* total con ten l of (a) the suffonium group, (b) the aliphatic hydrocarbon group containing 8 to 24 carbon 

atoms and optionally containing unsaturated double bond within Its chain and (c) the al least one member selected 
from among propargyl group and a terminal unsaturated double bond^ontariing organic group containing 3 to 7 
carbon atoms being not more than 500 mlllimoles per 100 grams of the nonvolatile matter in said reeln composition. 

^ 2. The resin composition for cationic etectrocoating as darned kt Ctairn 1 . wherein tjie epoxy resin Is of the novolak 
phenol type or novolak cresoi type, and which has a number average molecular weight of 700 to 5.000 and contains 
per 1 00 grams of the nonvolatile matter in said reein composition, 

(a) 5 to 250 millimoles of sulfonlum group; 
45 ( b > 100 to 300 millimoles of at least one aliphatic hydrocarbon group containing 6 to 24 carbon atoms and 

optionally containing unsaturated double bond within its chain; and 

(c) 20 to 295 mllllmoies of at least one member selected from among propargyl group and a terminal unsatu- 
rated double bond-containing organic group containing 3 to 7 carbon atoms; 

so the total contont of eaJd groups (a), (b) and (c) being not more than 400 miTCrnolee per 100 grams of the 

nonvolatile matter in said resin composition. 

6. A cationic elect/ocoating composition which comprises the resin composition for cationic eiectrocoallng as claimed 
in Claim 1 or 2 as Incorporated therein. 

SB 

4 The cationic electrocuting composition as claimed in Claim 3 which further comprises a resin composition having 
a skeleton of opoxy resin and containing sulfonlum group and propargyl group, wherein said cationic Blectracoating 
composition has a number average molecular weight of its resin component of 500 to 20,000 and contains, per 
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100 gmms of the resin solids, 

(a) 5 1o 400 millimoles of (ho suf Ionium group; 

(b) TO to 300 millimoles of the aliphatic hydrocarbon group containing 8 to 24 carbon atoms and optionally 
5 containing unsaturated double bend within its chain: and 

1 0 to 485 millimoles of the sum of propa/gyl group and the terminal unsaturated double bond^contamlng oroanlc 
Group containing 3 to 7 carbon atoms; 

the total content of (a) the suffonium group, (b) the aliphatic hydrocarbon group containing 6 to 24 carbon 
w atoms and optionally containing unsaturated double bond within it© chain, and the propargyl group and the 

terminal unsaturated double bond-containing, organic group containing a to 7 carbon atoms being not more 
than 500 millimoles per 100 grams ol the resin solids, with the proportion of said group to) being 3 to 30% bv 
weight relative to the resrn solids. ' s 7 

>5 
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